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(57) ABSTRACT 

A compact and loW resistance laminated semiconductor 
ceramic device Which is provided With a positive resistance 
temperature characteristic and has a broad resistance-change 
range and a high breakdown voltage in addition to ohmic 
contact betWeen semiconductor ceramic layers and internal 
electrodes is provided. A doped barium titanate semicon 
ductor ceramic having an average particle diameter of not 
more than about 1.0 pm, a c/a axis ratio of not less than about 
1.005, and a barium site/titanium site ratio from about 0.99 
to 1.01, in Which a donor element, such as lanthanum (La), 
is used. 

21 Claims, 1 Drawing Sheet 
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BARIUM TITANATE SEMICONDUCTOR 
CERAMIC POWDER AND LAMINATED 
SEMICONDUCTOR CERAMIC DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a barium titanate semi 
conductor ceramic powder and to a laminated semiconduc 
tor ceramic device having a positive resistance-temperature 
characteristic provided With a semiconductor ceramic layer 
formed by sintering the barium titanate semiconductor 
ceramic poWder. 

2. Description of the Related Art 
Barium titanate semiconductor ceramics can have posi 

tive resistance-temperature characteristics (positive tem 
perature coef?cient characteristic or PTC characteristic) in 
Which resistivity at room temperature is loW and resistance 
rapidly increases above a certain temperature (Curie 
temperature). They are Widely used in temperature control 
and current control and the like devices. Among these, an 
overcurrent protection device is desired to be compact, to 
have a high breakdoWn voltage, and speci?cally, to have 
loWer resistance at room temperature. 

As a device responding to these desires, a laminated 
semiconductor ceramic device is proposed in, for example, 
Japanese Laid-open Patent Application No. 57-60802. The 
laminated semiconductor ceramic device is obtained by 
alternately laminating semiconductor ceramic layers prima 
rily composed of barium titanate With internal electrodes 
composed of a platinum-palladium alloy (Pt-Pd alloy) fol 
loWed by ?ring. By employing the laminated structure, the 
area of the internal electrodes in the semiconductor ceramic 
device can be greatly increased, and hence, miniaturiZation 
of the device can be realiZed. 

HoWever, it is dif?cult to obtain ohmic contact betWeen 
the internal electrodes and the semiconductor ceramic layers 
in the laminated semiconductor ceramic device since a Pt-Pd 
alloy is used as the internal electrodes, and hence, there is 
the problem in that resistance at room temperature greatly 
increases. 

As a material used for the internal electrodes instead of 
the Pt-Pd alloy, a nickel-containing metal (hereinafter 
referred to as Ni-based metal), such as nickel or an alloy 
containing nickel, is proposed in, for example, Japanese 
Laid-open Patent Application No. 6-151103. An internal 
conductive material composed of a Ni-based metal and the 
semiconductor ceramic shoW superior ohmic contact 
therebetWeen, and as a result, an increase of resistance at 
room temperature can be prevented. HoWever, the Ni-based 
metal forming the internal electrodes is readily oxidiZed in 
a general ?ring step in the air. Consequently, after a ?ring 
step in a reducing atmosphere is performed, a re-oxidiZing 
step is required to take place at a relatively loW temperature 
so that the Ni-based metal is not oxidiZed. This causes the 
problem that resistance-change range is reduced to be loWer 
by tWo orders of magnitude. Accordingly, the breakdoWn 
voltage thereof is not suf?cient, and there is a problem in 
practical use. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a compact and loW resistance laminated semicon 
ductor ceramic device having positive resistance 
temperature characteristics, in Which the laminated semi 
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2 
conductor ceramic device exhibits suf?cient change in 
resistance and a high breakdoWn voltage in addition to 
ohmic contact betWeen semiconductor ceramic layers and 
internal electrodes. 

Another object of the present invention is to provide 
barium titanate semiconductor ceramic poWder Which is 
advantageously used for forming the semiconductor ceramic 
layers provided in the laminated semiconductor ceramic 
device described above. 
To these ends, the inventors of the present invention found 

through long intensive research that a compact and loW 
resistance laminated semiconductor ceramic device having a 
suf?cient change in resistance and a high breakdoWn voltage 
can be obtained by using barium titanate semiconductor 
ceramic poWder provided With certain speci?ed properties. 

That is, the barium titanate semiconductor ceramic poW 
der of the present invention has an average particle diameter 
of not more than about 1.0 pm, a c/a axis ratio of not less 
than about 1.005, and a barium (Ba) site/titanium (Ti) site 
ratio from about 0.99 to 1.01, in Which a donor element is 
dissolved. 
Even though the barium titanate semiconductor ceramic 

poWder of the present invention can be synthesiZed by 
various synthetic methods, When the barium titanate semi 
conductor ceramic poWder is synthesiZed by a hydrolysis 
method, the Ba site/Ti site ratio is preferably from about 
0.99 to 1.00, and the barium titanate semiconductor ceramic 
poWder is synthesiZed by a solid phase method, the Ba 
site/Ti site ratio is preferably from about 1.00 to 1.01. 
The present invention can be applied to a laminated 

semiconductor ceramic device provided With a plurality of 
internal electrodes and a plurality of semiconductor ceramic 
layers alternately laminated With the internal electrodes. In 
the laminated semiconductor ceramic device, according to 
the present invention, the semiconductor ceramic layers can 
be obtained by sintering the barium titanate semiconductor 
ceramic poWder described above. 

In the laminated semiconductor ceramic device described 
above, the internal electrodes is preferably composed of a 
conductive component containing a Ni-based metal, that is, 
a nickel-containing metal, such as nickel or a nickel 
containing alloy. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a cross-sectional vieW shoWing a laminated 
semiconductor ceramic device 1 according to an embodi 
ment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a cross-sectional vieW shoWing a laminated 
semiconductor ceramic device 1 according to an embodi 
ment of the present invention. 
The laminated semiconductor ceramic device 1 is pro 

vided With an element body 4 formed by ?ring a plurality of 
internal electrodes 2 alternately laminated With a plurality of 
semiconductor ceramic layers 3. External electrodes 5 are 
formed at tWo edge surfaces of the element body 4. The 
external electrodes 5 are electrically connected to speci?c 
internal electrodes 2, respectively, and the internal elec 
trodes 2 connected to one of the external electrode 5 and the 
internal electrodes 2 connected to the other external elec 
trode 5 are alternately disposed. 
The laminated semiconductor ceramic device 1 has a 

positive resistance-temperature characteristic, and is used 
for, for example, an overcurrent protection device. 
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The semiconductor ceramic layer 3 is obtained by sinter 
ing barium titanate semiconductor ceramic poWder. In the 
barium titanate semiconductor ceramic poWder, When 
necessary, a fraction of the barium may be substituted by 
calcium (Ca), strontium (Sr), lead (Pb) and the like, or a 
fraction of the titanium may be substituted by tin (Sn), 
Zirconium (Zr) and the like. Semiconductor-forming agents 
contained in the barium titanate semiconductor ceramic 
material are called donor elements. As donor elements, rare 
earth elements such as lanthanum (La), yttrium (Y), 
samarium (Sm), cerium (Ce), dysprosium (Dy), gadolinium 
(Gd) and the like, and transition elements such as niobium 
(Nb), tantalum (Ta), bismuth (Bi), antimony (Sb), tungsten 
(W) and the like can be used. In addition, When necessary, 
silicon dioxide (SiOZ), manganese (Mn) and the like may be 
added to the barium titanate semiconductor ceramic material 
mentioned above. The quantity is not restricted to any 
particular range of values. 

The barium titanate semiconductor ceramic poWder used 
for forming the semiconductor ceramic layer 3 has an 
average particle diameter of not more than about 1.0 pm, a 
c/a axis ratio of not less than about 1.005, and a Ba site/T i 
site ratio from about 0.99 to 1.01, in Which the donor 
element is dissolved. Synthetic methods for the barium 
titanate semiconductor ceramic poWder are not speci?cally 
limited; hoWever, methods, such as a hydrothermal method, 
hydrolysis, coprecipitation, a solid phase method, and a 
sol-gel method can be used, and When necessary, pre-?ring 
is performed. 

It has been experimentally con?rmed that When the 
barium titanate semiconductor ceramic poWder is synthe 
siZed by a hydrolysis method, the Ba site/Ti site ratio is 
preferably from about 0.99 to 1.00, and in the case in Which 
a solid phase method is used, the Ba site/Ti site ratio is 
preferably from about 1.00 to 1.01. 

As an electric conductive component contained in the 
internal electrode 2, a Ni-based metal, a molybdenum (Mo) 
containing metal, a chromium (Cr)-containing metal, and an 
alloy thereof can be used, and speci?cally, a Ni-based metal 
is preferably used since reliable ohmic contact With the 
semiconductor ceramic layer 3 can be achieved. 

As an electric conductive component contained in the 
external electrode 5, silver (Ag), palladium (Pd), and an 
alloy thereof can be used, and the metals are not so speci? 
cally limited compared to those used for the internal elec 
trodes 2. 

Hereinafter, the present invention Will be described in 
detail With reference to an example. 

EXAMPLE 

In Table 1 shoWn beloW, barium titanate semiconductor 
ceramic poWder for samples 1 to 8 Were synthesiZed by a 
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4 
hydrolysis method, and barium titanate semiconductor 
ceramic poWders for samples 9 to 20 Were synthesiZed by a 
solid phase method. 

For samples 1 to 8, 15.40 liter of a barium hydroxide 
aqueous solution containing barium hydroxide at a concen 
tration of 0.2 mole/liter (3.079 moles of barium Was 
contained) and 7.58 liter of a titanium alkoxide solution 
containing titanium alkoxide at a concentration of 0.35 
mole/liter (2.655 moles of titanium Was contained) Were 
prepared in separate baths beforehand. The titanium alkox 
ide solution contains (tetraisopropyl oxide) titanium (Ti(O 
iPr)4) dissolved in isopropyl alcohol (IPA). In addition, 
during the preparation described above, in order to dissolve 
the lanthanum used as a semiconductor-forming agent, 100 
milliliter of an ethanol solution containing lanthanum chlo 
ride (0.00664 mole of lanthanum) Was added to the titanium 
alkoxide solution and then homogeneously mixed thereWith. 

Next, the solutions in the separate baths Were mixed 
together and stirred by a static mixer, so that a reaction Was 
initiated. Accordingly, a slurry containing the barium titan 
ate poWder Was obtained, and the resulting slurry Was held 
in an oven for 3 hours. 

After dehydration and rinsing of the preserved slurry, 
drying at 110° C. for 3 hours folloWed by pulveriZation Was 
performed, and a barium titanate poWder containing lantha 
num Was obtained. 

Barium titanate semiconductor ceramic poWders having 
various properties for samples 1 to 8 as shoWn in Table 1 
Were obtained by adding barium carbonate (BaCO3) or 
titanium dioxide (TiO2) so as to have various ratios of Ba 
site/Ti site in the barium titanate poWders containing lan 
thanum and then by performing pre-?ring. 

Furthermore, concerning samples 9 to 20, BaCO3 having 
a speci?c surface area from 1 to 20 m2/g, TiO2 having a 
speci?c surface area from 1 to 50 m2/g and a samarium 
nitrate solution, as starting raW materials, Were measured so 
as to have an elemental molar ratio Sm/T i of 0.002, and Were 
then mixed for 5 hours by a ball mill using distilled Water 
and balls composed of PSZ having a diameter of 5 mm. 
During the preparation, BaCO3 and TiO2 Were measured so 
as to have various Ba site/T i site ratios. 

The mixed solution described above Was evaporated and 
dried, and the resulting mixed poWder Was calcined at 
temperatures of 900 to 1,250° C. for 2 hours. 

After pulveriZing the calcined poWder for 5 to 30 hours by 
a ball mill using distilled Water and balls composed of PSZ 
having a diameter of 5 mm, evaporation and drying Were 
performed. As a result, barium titanate semiconductor 
ceramic poWders having various properties for samples 9 to 
20 as shoWn in Table 1 Were obtained. 

TABLE 1 

Barium Titanate Powder Property Device Property 

Average Particle Room- Resistance- Breakdown 
Sample Diameter c/a Ba/T i Temperature Change Voltage 
No. (,urn) Ratio Ratio Resistance(£2) Range (V) 

*1 0.1 1.0045 0.992 0.10 0.6 <1 
2 0.2 1.0050 0.992 0.12 3.5 25 
3 0.3 1.0070 0.992 0.14 3.2 22 

4 0.3 1.0071 0.994 0.11 3.9 29 
5 0.4 1.0071 0.994 0.12 3.7 25 
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TABLE l-continued 

Barium Titanate Powder Property Device Property 

Average Particle Room- Resistance- Breakdown 
Sample Diameter c/a Ba/I‘i Temperature Change Voltage 
No. (,um) Ratio Ratio Resistance(£2) Range (V) 

*6 0.4 1.0072 0.988 0.25 1.5 4 
7 0.5 1.0076 0.990 0.15 3.0 21 
8 0.4 1.0074 1.000 0.16 3.3 22 
9 0.7 1.0070 1.000 0.20 3.5 32 

10 0.5 1.0070 1.000 0.19 3.5 31 
11 0.2 1.0050 1.001 0.18 3.6 29 
12 0.8 1.0080 1.001 0.15 3.7 31 

*13 1.5 1.0085 1.002 0.10 1.0 2 
14 1.0 1.0090 1.002 0.10 3.9 29 
15 0.2 1.0060 1.005 0.10 4.0 30 

*16 1.5 1.0100 1.002 0.09 0.9 1.5 
*17 0.1 1.0043 1.004 0.12 0.4 <1 
*18 0.88 1.0083 1.013 2.20 2.0 6 
19 0.85 1.0079 1.010 0.19 3.6 30 
20 1.0 1.0090 1.010 0.20 3.4 31 

The average particle diameters of the resulting calcined 
powders shown in Table 1 were obtained by an image 
analysis using scanning electron microscopic (SEM) pho 
tographs. Ba site/T i site ratios (shown as Ba/Ti ratio in the 
table) and c/a axis ratios were obtained by a ?uorescent 
x-ray analysis and x-ray diffraction patterns, respectively. 

After adding organic solvents, organic binders, plasticiz 
ers and the like to powders for individual samples so as to 
prepare ceramic containing slurries, the slurries mentioned 
above were processed by the doctor blade method, whereby 
ceramic green sheets were obtained. 

Alaminate to be formed into an element body was formed 
by the steps of screen-printing a conductive paste containing 
nickel on speci?c ceramic green sheets to form the internal 
electrodes, laminating the green sheets provided with the 
internal electrodes so as to obtain the element body as shown 
in FIG. 1, laminating ceramic green sheets having no 
internal electrodes on the laminated green sheets at the top 
and bottom thereof, and compressing and then cutting the 
laminated green sheets. 

After removing the binders from these laminates in air, 
?ring in a strong reducing atmosphere with a hydrogen/ 
nitrogen ratio of 3/ 100 for 2 hours was performed, and ?red 
element bodies were obtained. Then, a re-oxidation treat 
ment at 600 to 1,000° C. for 1 hour in air was performed. 
Subsequently, laminated semiconductor ceramic devices 
were obtained by coating a silver paste on both edge faces 
of the element bodies followed by ?ring in the air. Each 
resulting device is approximately 3.2 mm long, 2.5 mm wide 
and 1.0 mm thick. 

Room-temperature resistances, resistance-change ranges, 
and breakdown voltages were measured for the laminated 
semiconductor ceramic devices thus formed. Room 
temperature resistance was measured by a four-point probe 
method using a digital voltmeter. The resistance-change 
range (order of magnitude) was represented by a common 
logarithm of the value obtained by dividing the maximum 
resistance by the minimum resistance from room tempera 
ture to 250° C. The breakdown voltage was represented by 
the maximum applied voltage just before device failure. The 
results are shown in Table 1. 

In Table 1, sample numbers with asterisks are out of the 
range of the present invention. 

Referring to Table 1, when the average particle diameter 
was not more than about 1.0 pm, a c/a axis ratio was not less 
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than about 1.005, and a Ba site/Ti site ratio was from about 
0.99 to 1.01, as in samples 2 to 5, 7 to 12, 14, 15, 19 and 20, 
the resulting device had room-temperature resistance of not 
more than 0.20 Q, a resistance-change range of not less than 
three orders of magnitude, and a breakdown voltage of not 
less than 20 volts. 

In contrast, when the average particle diameter of the 
barium titanate powder exceeded about 1.0 pm, as in 
samples 13 and 16, the resulting device had a resistance 
change range of less than 3.0 orders of magnitude and the 
breakdown voltage decreased to 2 volts. 
When the c/a axis ratio was less than about 1.005 as in 

samples 1 and 17, the resistance-change range of the result 
ing device was extremely small and the breakdown voltage 
was also extremely decreased. 
When the Ba site/Ti site ratio was less than about 0.99 or 

more than 1.01 as in samples 6 and 18, respectively, the 
room-temperature resistance of the resulting device 
increased and the resistance-change range and breakdown 
voltage were much decreased. 

Samples 2 to 5, 7 and 8 showing superior properties 
among samples 1 to 8 formed by using the barium titanate 
powder synthesized by a hydrolysis method, have Ba site/T i 
site ratios from about 0.99 to 1.00, and samples 9 to 12, 14, 
15, 19 and 20 showing superior properties among samples 9 
to 20 formed by using the barium titanate powder synthe 
siZed by a solid phase method, have Ba site/Ti site ratios 
from about 1.00 to 1.01. 
As has been thus described, the barium titanate semicon 

ductor ceramic powder of the present invention has an 
average particle diameter of not more than about 1.0 pm, a 
c/a axis ratio of not less than about 1.005, and a Ba site/Ti 
site ratio from about 0.99 to 1.01, in which a donor element 
is dissolved. Consequently, the laminated semiconductor 
ceramic device provided with the semiconductor ceramic 
layer obtained by sintering the barium titanate semiconduc 
tor ceramic powder is compact and has low resistance, and 
has a suf?cient resistance-change range, and in addition, has 
a high breakdown voltage. 

In particular, in the case in which the Ba site/Ti site ratios 
are about 0.99 to 1.00, and about 1.00 to 1.01 when the 
barium titanate semiconductor ceramic powders of the 
present invention are produced by a hydrolysis method and 
a solid phase method, respectively, the superior properties 
described above can be reliably obtained. 
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In the laminated semiconductor ceramic device, When the 
internal electrodes contain nickel, ohmic contact betWeen 
the internal electrodes and the semiconductor ceramic layers 
can be reliably achieved. 
What is claimed is: 
1. A donor element doped barium titanate semiconductor 

ceramic poWder having an average particle diameter Which 
does not exceed about 1.0 pm, a c/a aXis ratio of at least 
about 1.005 but less than 1.0100, and a barium site/titanium 
site ratio from about 0.99 to 1.01. 

2. A donor element barium titanate semiconductor 
ceramic poWder according to claim 1, Wherein the barium 
titanate semiconductor ceramic poWder is a hydrolysis syn 
thesiZed barium titanate having a barium site/titanium site 
ratio from about 0.99 to 1.00. 

3. A donor element barium titanate semiconductor 
ceramic poWder according to claim 2, Wherein the donor 
element is a rare earth metal. 

4. A donor element barium titanate semiconductor 
ceramic poWder according t 0 claim 3, Wherein the rare earth 
metal is La. 

5. In a laminated semiconductor ceramic device compris 
ing a plurality of internal electrodes and a plurality of 
semiconductor ceramic layers alternately laminated With the 
internal electrodes, the improvement Which comprises the 
semiconductor ceramic being a sintered barium titanate 
semiconductor ceramic poWder according to claim 2. 

6. A laminated semiconductor ceramic device according 
to claim 5, Wherein the internal electrodes comprise nickel. 

7. A donor element barium titanate semiconductor 
ceramic poWder according to claim 1, Wherein the barium 
titanate semiconductor ceramic poWder is a solid phase 
synthesized barium titanate having a barium site/titanium 
site ratio from about 1.00 to 1.01. 

8. A donor element barium titanate semiconductor 
ceramic poWder according to claim 7, Wherein the donor 
element is a rare earth metal. 

9. A donor element barium titanate semiconductor 
ceramic poWder according to claim 8, Wherein the rare earth 
metal is La. 

10. In a laminated semiconductor ceramic device com 
prising a plurality of internal electrodes and a plurality of 
semiconductor ceramic layers alternately laminated With the 
internal electrodes, the improvement Which comprises the 
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semiconductor ceramic being a sintered barium titanate 
semiconductor ceramic poWder according to claim 7. 

11. A laminated semiconductor ceramic device according 
to claim 10, Wherein the internal electrodes comprise nickel. 

12. A donor element barium titanate semiconductor 
ceramic poWder according to claim 1, Wherein the donor 
element is a rare earth metal. 

13. A donor element barium titanate semiconductor 
ceramic poWder according to claim 12, Wherein the rare 
earth metal is La. 

14. Adonor element doped barium titanate semiconductor 
ceramic poWder according to claim 1 having an average 
particle diameter Which does not exceed about 0.85 pm and 
a c/a aXis ratio of at least about 1.006. 

15. A donor element barium titanate semiconductor 
ceramic poWder according to claim 14, Wherein the donor 
element is a rare earth metal. 

16. A donor element barium titanate semiconductor 
ceramic poWder according to claim 15, Wherein the rare 
earth metal is La. 

17. In a laminated semiconductor ceramic device com 
prising a plurality of internal electrodes and a plurality of 
semiconductor ceramic layers alternately laminated With the 
internal electrodes, the improvement Which comprises the 
semiconductor ceramic being a sintered barium titanate 
semiconductor ceramic poWder according to claim 14. 

18. A laminated semiconductor ceramic device according 
to claim 17, Wherein the internal electrodes comprise nickel. 

19. In a laminated semiconductor ceramic device com 
prising a plurality of internal electrodes and a plurality of 
semiconductor ceramic layers alternately laminated With the 
internal electrodes, the improvement Which comprises the 
semiconductor ceramic being a sintered barium titanate 
semiconductor ceramic poWder according to claim 1. 

20. A laminated semiconductor ceramic device according 
to claim 19, Wherein the internal electrodes comprise nickel. 

21. A laminated semiconductor ceramic device according 
to claim 19 Which has a room temperature resistance of not 
more than 0.20 Q, a resistance change range of not less than 
three orders of magnitude and a breakdoWn voltage of not 
less than 20 volts. 


